Objective: To determine differences in dietary calcium and vitamin D intakes between female never, former and current smokers. Design: Population-based survey using a validated food frequency questionnaire. Setting: The Bus Sante Â 2000, epidemiologic observatory of Geneva, Switzerland. Subjects: 2319 women resident in Geneva, Switzerland between 1993 and 1997. Results: Daily calcium intake was 798 mg among current heavy smokers ( 20 cigarettesaday), 882 mg among current moderate smokers (1 ± 19 cigarettesaday) and 945 mg among never smokers (P 0.0001). There was a difference of almost 50 mgaday in median calcium intake from cheese (P 0.04), which corresponded to about one-third of the total difference in calcium intake between heavy smokers and never smokers. Of the current heavy smokers, 21% did not eat yogurt compared to 10% of never smokers (P 0.001). Among yogurt eaters, heavy smokers consumed 90 mgaday of calcium from yogurt vs 115 mgaday in never smokers (P 0.003). Smokers ate more butter and cream (P 0.02) or milk (P 0.06) than never smokers, but these were minor sources of calcium. Fish was the main cause of higher intake of vitamin D in never smokers (0.81 mgaday) compared with heavy smokers (0.53 mgaday) and moderate smokers (0.70 mgaday). The diet of ex-smokers after 5 y or more of smoking cessation tended to resemble that of never smokers for calcium (about 900 mgaday) and vitamin D (about 2.55 mgaday). Conclusion: Female current smokers have lower dietary intakes of calcium and vitamin D than never smokers. Sponsorship: This study was funded by the Swiss National Fund for Scienti®c Research (grants 32.31.326.91,).
Introduction
Various mechanisms have been proposed to explain why smokers have a lower bone mineral density than non smokers . This association is still not well understood (Krall & Dawson-Hughes, 1999) . Smokers may have a low biologic availability of calcium either because they poorly absorb intestinal calcium (Krall & Dawson-Hughes, 1999) or because of an inadequate dietary intake. There is evidence that smokers drink less skimmed milk and eat less cheese, resulting in an overall lower calcium intake (Larkin et al, 1990; Sowers et al, 1986; English et al, 1997; La Vecchia et al, 1992; Krall & Dawson-Hughes, 1991; Mazess & Barden, 1991; Midgette et al, 1993; Margetts & Jackson, 1993; Nuttens et al, 1992; Thompson et al, 1995; Hebert & Kabat, 1990; Morabia & Wynder, 1990; Martinez-Gonzalez et al, 1997; Subar et al, 1990) . However, the nature of these differences in calcium and vitamin D intakes has never been investigated in detail. It is unknown whether food sources of calcium other than milk and cheese are responsible for the differences and we failed to ®nd a single report comparing the dietary intake of vitamin D according to smoking status.
We therefore compare here the dietary content in calcium and vitamin D of never, current and former smokers of the general female population of Geneva, Switzerland using a food frequency questionnaire developed and validated in the target population.
Methods
Between January 1993 and December 1997, a random sample of the adult female population of Geneva was selected to represent the 98,000 female non-institutionalized residents of Geneva city and county aged 35 ± 74 y (Morabia et al, 1997) . Subjects were identi®ed from an of®cial list of all residents that included names, date of birth, address and nationality. Random sampling in age ± nationality strata was proportional to the corresponding distributions in the Geneva population. Subjects were asked by mail to participate in a population survey about women's health'. In case of non-response after 15 days, they were called by telephone up to seven times on different days of the week and at different hours of the day and, if necessary, sent a second and third letter. A systematic check in the following edition of the list has shown that over 90% of the subjects who were not reached did not reside in Geneva any more. Subjects who were reached but refused to participate were not replaced. The overall recruitment procedure of a subject took up to 2 months. Participation rate was 63%: 2319 women participated in the study.
All participants answered at home a self-administered, semiquantitative food frequency questionnaire, developed and tested in the study target population during 1992 (Block et al, 1986; Morabia et al, 1994; Bernstein et al, 1994) . It assesses the usual diet during the 4 weeks previous to the interview and comprises a list of 97 food items and serving sizes that can be converted into daily energy, nutrients and alcohol intakes (Morabia et al, 1994) .
Participants also completed a detailed questionnaire about medical and familial history, socio-demographic factors, health and dietary habits, and smoking behavior. The smoking history section of the questionnaire was a calendar dedicated to active smoking. In the calendar, lines corresponded to ages and columns to the number of cigarettes smoked per day or the brand of cigarettes. Both questionnaires were brought back and checked by the interviewers on the day of the visit to the mobile unit (usually less than 15 days after receipt of the questionnaires). Weight and height were measured in the mobile unit.
Data analyses
Subjects were de®ned as never smokers (subjects who had never smoked or smoked less than 100 cigarettes in their lifetime), current smokers or ex-smokers (subjects who had stopped smoking for at least 1 y). Current smokers were further categorized as light smokers if they currently smoked up to 20 cigarettesaday and heavy smokers (currently more than 20 cigarettesaday). Ex-smokers were divided according to the time elapsed since smoking cessation (`5 y or 5 y).
Major food sources of calcium and vitamin D in the population were identi®ed on the basis of the present and previous analyses (Morabia et al, 1994) . These werè Cheese' (all types),`Yogurt' (all types),`Water',`Butter and cream', and`Milk' (whole and skimmed milk). Food groups rich in vitamin D were`Cheese' (all types),`margarine',`eggs' (eggs and tofu),`Fish' (lean and fat ®sh, tuna, fried ®sh), and`Butter and cream'. It is of note that bread is not a major source of calcium and vitamin D, since it is usually made with water, in contrast to American bread made with milk, and it is not forti®ed with calcium and vitamin D.
All analyses were adjusted for age (continuous), quartiles of body mass index (weight in kgaheight 2 in m 2 ) and three levels of education. The lowest educational level included people with primary school education, the intermediate level was secondary school (ages 13 ± 18), and the highest level comprised people who had obtained the Swiss baccalaureate (age 18 ± 19) or a university degree.
Statistical methods
Proportions of non-consumers across smoking categories were reported and compared using a chi-square test. Exploratory analyses indicated that the distributions of main sources of calcium or vitamin D intake were right skewed. After power transformations (Box & Cox, 1964) , graphical examinations (including normal probability plot) on rescaled variables indicated that skewness was successfully eliminated and normality achieved. Transformed values of calcium or vitamin D contributors were adjusted for usual confounders (age, education, body mass index) in the models. Values reported in Tables 3 and 4 are backtransformed means and con®dence intervals. They correspond to median intake estimates and con®dence intervals on the original scale for consumers.
Since most food items are not eaten by a non-negligible proportion of the sample, many observations accumulate at zero when one considers both consumers and non-consumers. Food item intakes are then referred to as`censored' (Greene, 1993) since the range over which they can vary is truncated with respect to the range expected from a statistical model. Ignoring such censoring using ordinary least squares regression leads to biases in the estimation of effects and decreased ef®ciency. TOBIT models or censored regression models (Greene, 1993) are known to address this type of problem. We therefore used this methodology to assess the potential impact of tobacco exposure on main sources of calcium or vitamin D intake in both consumers and non-consumers. P-values reported in Tables 3 and 4 correspond to a likelihood ratio test of a smoking effect in a TOBIT model using successively each food groups as the censored dependent variable.
Results
Of the 2319 women, 53.1% had never smoked, 24.1% were former smokers and 22.8% currently smoked. Table 1 describes the sample size and characteristics of the sample by smoking status. There was about a quarter of the sample in each of the four 10 y age-categories between Swiss cheese (45% fat), mineral water and tap water, yogurt, milk and pizza were the main sources of calcium (Table 2) . These food items represented 65.1% of the overall calcium intake. Salmon (fresh and smoked) was by far the main source of vitamin D intake (46.2%). Other important sources of vitamin D included Swiss cheese Table 3 presents the differences in absolute calcium intake between current and never smokers. The ®rst line associated with each source of calcium represents the proportion of non-consumers. Compared to never smokers, heavy smokers tended not to consume yogurt (P 0.001) or butter and cream (P 0.03). The second line associated with each source gives the median intake of calcium from that source among those who reported having consumed items from these food groups. Overall, daily intake of calcium was lowest in heavy smokers (798 mg) and highest in never smokers (945 mg) (P`0.0001). A larger percentage of smokers chose not to consume cheese or yogurt. The TOBIT test, taking into consideration the differences for non-consumers and among consumers, was statistically signi®cant for yogurt (P`0.0001) and butteracream (P`0.001).
There were no differences in total calcium intake between former smokers having stopped for 5 y or more (934 mgaday) or for 1 ± 4 y (974 mgaday) and never smokers (not shown in a table). The proportions of nonconsumers and the amounts consumed were similar in the three groups for all the food groups listed in Table 2 .
In Table 4 , compared to never smokers, less heavy smokers consumed margarine (P 0.006) and eggs (P 0.001), but more were consumers of butter and cream (P 0.03). The vitamin D intake of current heavy smokers is 1.92 mgaday, that is, lower than the intake of moderate (2.28 mgaday) or never smokers (2.39 mgaday, P 0.0003). Fish, which comprised mainly salmon, was the single food item, less consumed by smokers, which contributed the most to these differences. The TOBIT tests were statistically signi®cant for smokers eating less margarine (P 0.009) and fewer eggs (P 0.001), but more butter and cream (P `0.001).
Total vitamin D intake was larger among former smokers having stopped for 1 ± 4 y (2.64 mgaday) or 5 y or more (2.53 mgaday) than among never smokers (2.37 mgaday, P 0.07), but these differences were not statistically signi®cant (not shown in the tables). Former smokers appeared to have a greater intake of vitamin D originating from ®sh (never smokers: 0.79 mgaday; smoking cessation of 5 y: 0.96; smoking cessation of 1 ± 4 y: 1.02, P 0.05). There were no differences between former smokers and never smokers for the other food groups.
Discussion
The present study shows that women who currently smoke have a strikingly lower intake of calcium and vitamin D compared to women who have never smoked. Daily intake of calcium was lowest in heavy smokers (798 mg) and highest in never smokers (945 mg; P`0.0001). It was already well known that smokers ate differently than nonsmokers (Morabia et al, 1999; Thornton et al, 1994; Morabia & Wynder, 1990; Margetts & Jackson, 1993; Subar et al, 1990; Midgette et al, 1993) . It has been postulated that smokers may be less health conscious andaor that tobacco smoke may alter their dietary taste (Redington, 1984; Perkins et al, 1990; Grunberg, 1982; Frye et al, 1990) . However, the detailed differences in Few food items accounted for most of the differences. A lower intake of cheese and yogurt explained almost half of the total difference in calcium intake. Smokers ate more butter and cream and drank more whole milk, but these were minor sources of calcium. Smokers also consumed less vitamin D, essentially because of a lower intake of ®sh, which comprised mainly salmon. Current smokers also had a lower intake of margarine and consumed eggs less frequently. These vitamin D de®cits were not compensated by their higher intake of butter and cream.
We had previously shown that the goal of 800 mg of calcium per day was not achieved by a majority women aged 45 y or more . The present results indicate that the situation is even worse among smokers.
The body of evidence currently available in the literature about smoking-related differences in dietary calcium and vitamin D in women is small. It has been reported that female smokers have a lower calcium intake than noncurrent smokers in some (Larkin et al, 1990; Krall & Dawson-Hughes, 1991 , but not in other studies (Mazess & Barden, 1991; Midgette et al, 1993) . Smokers may drink more whole milk and less skimmed milk (Martinez-Gonzalez et al, 1997; Subar et al, 1990) , but the present study suggests that the decreased intake & skimmed milk is compensated by an increased intake of whole milk. We found no report on the relation of smoking to yogurt intake or to dietary vitamin D, but Sowers et al (1986) reported lower blood levels of calcidiol (25-OH-D) in premenopausal smokers.
We have reported in a previous publication (Morabia et al, 1999 ) that smokers have a lower caloric intake than non-smokers, which can explain part of their lower calcium intake. The calcium density of the diet of never smokers, moderate and heavy smokers, is, respectively, 53.1, 51.6 and 47.8 mga100 kcal. Thus, for a diet of 2000 Kcaladay, the difference between heavy smokers and never smokers would be 120 mgaday, which is less than the difference reported in Table 3 . Even though it is the absolute intake rather than the density of calcium that matters for clinical recommendations, the density is important for educational purposes. Asking women who smoke to simply add more foods to their diet may not be as successful as educating them to substitute calcium and vitamin D-rich foods for less nutrient-dense foods.
It is of note that after 5 y of smoking cessation, former smokers had similar intake of calcium and vitamin D to never smokers. This observation is important for the interpretation of most previous evaluations of the dietary differences related to smoking, since these reports usually lumped together former and never smokers (Nuttens et al, 1992; Martinez-Gonzalez et al, 1997; Subar et al, 1990; Krall & Dawson-Hughes, 1991; Mazess & Barden, 1991; Midgette et al, 1993) .
These ®ndings need to be interpreted in light of the increased risk of bone demineralization, fractures and osteoporosis of women who smoke (Egger et al, 1996; Johnston, 1994; Krall & Dawson-Hughes, 1991; Hollenbach et al, 1993) . A recent meta-analysis of 29 crosssectional reports comparing bone density in 2156 female current smokers and in 9705 former or never smokers showed that current smokers had lower bone mineral density, and that this difference increased with age . The reasons why smoking could increase bone loss include impaired bone formation (Riebel et al, 1995) , decreased calcium absorption (Dawson-Hughes et al, 1990; Krall & Dawson-Hughes, 1991) and earlier postmenopausal bone loss (Baron et al, 1995) . A possible anti-estrogenic effect of smoking is biologically plausible (Michnovicz et al, 1986 ) but has not been demonstrated (Cassidenti et al, 1992; .
Thus, from a biological and epidemiological perspective, the relation of smoking to osteoporosis can possibly be mediated or aggravated by a poorer dietary intake of calcium and vitamin D in smokers than in non-smokers. In the Nurses Health Study, milk or dietary calcium intake did not reduce the 12 y risk of bone fracture.
2 However, data from a randomized controlled trial indicate that a diet poor in calcium and vitamin D may increase the risk of bone loss, hip fractures or osteoporosis. In prepubertal and adolescent girls, dietary supplementation with calcium has been shown to signi®cantly increase bone mass (Lloyd et al, 1993; Bonjour et al, 1997) . Calcium intake is positively associated with bone mass in premenopausal women (Welten et al, 1995) . For postmenopausal women, calcium has a consistent protective effect on the rate of bone loss (Cumming, 1990) . Calcium supplementation reduces bone loss in healthy postmenopausal women, especially when the dietary calcium intake is low (Reid et al, 1995) . In order to prevent bone loss and hip fractures, adequate calcium supplementation is commonly recommended (Lips et al, 1996; Chapuy et al, 1992 Chapuy et al, , 1994 Dawson-Hughes et al, 1995) .
Calcium and vitamin D intakes of smokers and nonsmokers were assessed using a population-based, validated food frequency questionnaire. The list of food items and groups in the food frequency questionnaire was selected to represent 90% or more of the macronutrient and micronutrient intake observed in the 24 h recall which served as a database for the development of the food frequency questionnaire. These proportions were 93% for calcium and 91.9% for vitamin D (Morabia et al, 1994) . In women, there were no differences in mean calcium or vitamin D between the 24 h recall and the food frequency questionnaire (Morabia et al, 1994) . Still, some degree of misclassi®cation of calcium intake must occur because of the inherent dif®culties in recalling one's diet. However, it is unlikely that women who smoke have a different ability to report their diet from those who don't smoke. Thus, the inaccuracy of the dietary instrument will tend to bias the ®ndings towards no difference between smokers and nonsmokers. Further misclassi®cation due to differential intake of calcium and vitamin D supplementation or on food forti®cation is also unlikely because these are uncommon in the target population. The most common supplements (multivitamin, vitamin C or vitamin E) are consumed by less than 15% of the population. Moreover, in a US study (Barone et al, 1992) , use of supplements was not related to smoking.
Thus, the present results warrant replication in studies with comparable strengths, that is, population-based and relying on a detailed and validated dietary assessment. In particular, the present study design could be improved if it included an assessment of serum vitamin D levels as well as bone density in order to relate dietary intakes to calcium and vitamin D de®ciency and to bone mass.
If con®rmed, our ®ndings have important clinical and public health signi®cance since they can lead to the 
